ABSTRACT
INTRODUCTION
Power quality monitoring devices are designed to detect and record different power quality events and report to the user their characteristics. However, using specialized devices in many cases is limited by the fact that they are an additional peace of equipment that needs to be purchased, installed, commissioned and maintained. At the same time, multifunctional protection or disturbance recording devices operate during system events and record the waveforms or profiles of the system parameters measured by the device. IEC 61850 has a significant impact on the implementation of power quality monitoring and recording functions. The availability of sampled values from merging units in IEC 61850 based substation automation systems allows the development of a substation level power quality analysis system. The paper analyses the architecture of such a system. It considers the recording capabilities of protection relays and compares them with power quality monitoring or disturbance recording devices. It describes a centralised power quality monitoring and recording system and describes its benefits compared with conventional systems. Requirements for time-synchronization of all Intelligent Electronic Devices used to record the power quality events are described. Requirements for accurate time synchronization of merging units are discussed as well. Automatic disturbance records extraction of available records from the IEDs is one of the essential functions of the system. Combining and aligning the records from the different devices in a data base builds the foundation of the analysis module of the system. Based on a user-defined period of time the analysis module determines the parameters of the individual power quality events that occurred. It generates reports for individual events or performs statistical analysis. The object modelling of power quality monitoring and recording devices in IEC 61850 is described as well. Testing of IEC 61850 based power quality monitoring and recording devices and systems is discussed at the end of the paper.
SIGNAL PROCESSING IN DISTRIBUTED IEC 61850 FUNCTIONS
IEC 61850 has been designed to support the development and implementation of a wide variety of applications required in substation protection, automation, monitoring and control. It defines both how data is represented in the system model and how devices and applications exchange data with each other. Support of different functions is based on the use of services defined in the standard and shown in Figure 1 . They allow the development of distributed systems for power quality monitoring and recording and the more efficient use of multifunctional IEDs in the substation environment.
Analog Signals Processing
A distributed function model based on sampled measured values has many similarities and some differences when compared to the signal processing in multifunctional IEDs.
As can be seen from Figure 2 , the different components of the signal processing system are located in different devices -i.e. we have a case of distributed function according to the IEC 61850 definitions.
Fig. 2 Distributed waveform recorder object model
The processing of the secondary currents and voltages represented by the TCTR and TVTR is performed in a new type of device -the Merging Unit. It is defined as interface unit that accepts multiple analogue CT/VT and binary inputs and produces multiple time synchronized serial unidirectional multi-drop digital point to point outputs to provide data communication via the logical interfaces 4 . The development of merging units was the result of the introduction and wide spread of microprocessor based protection devices, combined with the advancements in non-conventional instrument transformers that required the development of digital interface between the sensors and the IEDs. IEC 61850 further developed the sampled analog values interface at the process level of the substation automation system defined as logical interface 4 between the process and the bay levels. The frame format from IEC 60044-8 is reused, but the new standard defines the transmission of sampled analog values over the Ethernet in both a point-to-point (unicast) zor multicast mode. Interoperability between merging units and protection, control, monitoring or recording devices is ensured through documents providing implementation guidelines. Figure 3 shows a simplified block diagram of a merging unit including amplifiers, filters, analog to digital converter and DSP signal processing. The merging unit is synchronized using 1 PPS signal from a GPS receiver. As can be seen from the figure, there is a time delay D = D1 + D2 introduced within the device. If this time delay is not compensated, it will be seen as a phase shift (Figure 4 ) that will affect all functions using the sampled analog values. 
Digital Signals Processing
Exchange of digital signals plays an important role in power quality monitoring and reporting systems. Knowing the status of the breakers or other switching devices, as well as the time of operation of a functional element can be used for the implementation of distributed power quality monitoring functions. High-speed peer-to-peer communications in IEC 61850 based protection and control systems use a specific method designed to meet a variety of requirements. It is very important that the concept of the Generic Substation Event (GSE) model is not based on commands, but on the sending indication by a function that a specific substation event has occurred. It is designed to support reliable high-speed communications between different devices or applications and allows the replacement of hard-wired signals between devices with communication messages exchange while improving the functionality of the protection, automation, monitoring and control system. The model includes several features that can be used to improve the reliability and availability of the system. At the same time the proper use of these features in vendors' implementations will allow the reduction in maintenance and increase in the flexibility of the system. To understand the reasons for these benefits, we need to look into some of the details of the Generic Substation Event model. The GSE method can be considered as a mechanism for reporting by a logical device. The achievement of speed performance, availability and reliability depends on the implementation in any specific device.
The generic substation event model is used to exchange the values of a collection of Data Attributes defined as a Data Set. Two types of messages are defined in Edition1 of IEC 61850:
• GSSE -Generic Substation State Event that includes state information only (represented by bit pairs).
Event that supports the exchange of a wide range data types organized in a data set
DISTRIBUTED SYSTEM ARCHITECTURE
The distributed power quality monitoring and recording system architecture includes three types of devices:
• recording device • interface device • synchronization device The synchronization device (or synchronizer) is used to ensure that the waveform recording system meets the requirements for time-synchronization according to the implementation guidelines. It sends a 1 pulse per second (1PPS) signal through a dedicated network to all interface devices included in the system. Time-synchronization accuracy better than 1 microsecond is achieved by this solution. The interface units sample 256 times per cycle the three phase current and voltage inputs, as well as the opto inputs and generate the Ethernet messages that are sent using 100 Mb/s to the recording device. The power quality monitoring and recording device receives from the switch Ethernet messages from the interface units included in the system. Considering the size of the Ethernet frames a single 100 Mb/sec port of the recording device can handle the traffic from up to seven interface units. Figure 4 shows the architecture of a distributed power quality monitoring and recording system with 3 interface units. If the central recording unit needs to record currents and voltages from more than 7 interface units, a second Ethernet port may be used to expand the distributed system to a total of up to 14 interface units. Another alternative solution for more than seven interface units is to use a computer with 1Gb/sec Ethernet port connected to a 1 Gb/sec Ethernet Prague The power quality monitoring and recording device runs the event detection and triggering algorithms, records the samples and generates the COMTRADE files that are stored in its memory for further processing and analysis.
• Simulation tool that generates the current and voltage waveforms In the case of substation protection, automation, monitoring and control systems that use a hybrid implementation of IEC 61850 using only the Station Bus, the power quality event detection and recording is achieved in a different way. Individual protection or other IEDs will detect a variation in the system voltage, frequency or other monitored parameters and will send a GOOSE message indicating the type of event and the time when it occurred.
• Virtual Merging Units and IED simulators • Test Evaluation tool • Reporting tool Special power quality testing functions should be supported -for example for testing of functional elements that detect voltage sags and swells, flicker and transients.
CONCLUSIONS
The central unit will subscribe to all the published messages and based on the time stamps of the operation and reset of the functional element will calculate the type of event that occurred. For example an undervoltage logical node PTUV can be used to detect voltage sag with its duration being calculated as the difference between the operation and reset of the logical node.
The new IEC 61850 international standard for substation communications enables the development of different power quality monitoring and recording systems. It allows a new approach to detection and recording of power quality events with sampling rate of 256 samples/cycle. Sampled Analog Values from multiple interface units are multicast and used by a central power quality monitoring and recording unit.
Since the accuracy requirements for the time stamp of a power quality event and its duration are in the 1 ms range, there is no need for a dedicated time synchronization network. The SNTP synchronization can meet these requirements.
Time synchronization accuracy better than 1 microsecond is achieved using a dedicated synchronizer. Systems with hybrid implementation of IEC 61850 that use GOOSE messages exchanged between IEDs when an event occurs can also be used as distributed power quality monitoring and recording systems. Figure 6 shows the architecture of the power quality monitoring and recording system using IEDs as the signal processing devices in the substation.
